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Abstract 
The paper presents the concept, implementation and results of the hardware-in-the-loop test bench (HiL) established for a 
medium-scale parabolic trough collector system under construction. The 122.4m² plant heats the make-up water of a fossil-fired 
steam boiler in a meat factory in Austria. The test bench consists of a plant model implemented in a Real-Time machine, which is 
electrically connected to the plant control hardware (PLC) through several I/O terminals. Within the test bench, it is possible to 
run different test cycles and emulate critical operation scenarios like collector loop overheating. The control strategy of the solar 
plant can be checked with minimal risk. The test bench also enables to improve the control ability to cope with weather and 
sensor disturbances. A suitable fault detection strategy is prepared, which minimizes the risk of component damage and enhances 
the plant availability. 
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1. Introduction 
Within the European FP7 Project InSun, which started in April 2012 and ended in September 2015, two solar 
plants for industrial processes in two different countries are installed and monitored in detail. The main goal of 
InSun is to demonstrate the reliability and quality of large-scale solar thermal systems using three technologies of 
collectors for the generation of heat used in different industrial processes. 
One of these demonstration plants is located in Austria and it is providing heat for the manufacture of meat 
products in the factory Berger. The 2013 installed 1067m² large flat plate collector system is extended by a 122.4m² 
parabolic trough collector field to increase the temperature of the make-up water up to 98°C and to efficiently assist 
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the steam boiler (Fig. 1, Fig. 2). Steam is used in wet and dry meat treatment processes as well as for disinfection 
and defreezing. 
 
 
Fig. 1 The plant scheme 
 
 
Fig. 2 The plant under construction. Left: the collector field, right: the 20m³ tank 
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Among the lessons learned from the previous installations in the InSun project, the plant has to be carefully 
commissioned to ensure a stable operation from the beginning and to avoid damage of single component. As one of 
the important tasks during commissioning, the calibration of control loops is time consuming depending on the 
system complexity. It is generally individual due to the fact, that each loop has its own time constant and delay. 
Solar fields with comparable sizes could require different control parameters depending on the pipe length, installed 
mountings and signal type of the pumps. To overcome this advantage and to shorten the commissioning phase, the 
control unit is tested and ‘prepared’ in a HiL test bench before being installed onsite. HiL tests are most common in 
automotive and aircraft engineering and have earned more interest among the renewable energy community during 
the last couple of years ([1],[2]).  
2. Test bench description 
In the described HiL test, the 122.4m² large parabolic trough plant is put up with its operational boundaries as a 
dynamic model into a laboratory PC simulator (Fig. 3). A specific focus is given to the physical and practical 
limitations of its components in order to create simulations that are more realistic: limitations on actuators such as 
saturation and inertia as well as insufficient sensor resolutions and time constants are considered. The sampling, 
computation and communications delays are also taken into account. The solar system is modeled in 
Matlab/Simulink where the RealTime desktop Toolbox is used for communication. As shown in Fig. 4, the 
manufacturer control hardware (Beckhoff PLC) is connected to the simulator through five I/O terminals. Around 20 
sensors are involved for monitoring, control and safety tasks. The PLC is of the same type as used onsite.  
 
 
 
 
Fig. 3 The HiL test concept 
 
In the host computer, a detailed and dynamic model of the installation was developed in Matlab using the 
CARNOT toolbox. The Simulink Desktop Real-Time was installed to ensure real-time data exchange between 
model and PLC. The following figure shows the settings of one real-time communication channel with the model in 
the background. 
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Fig. 4 Picture of the HiL test bench 
 
 
Fig. 5 The HiL simulator model 
 
The model was separately (without connection to the PLC) used to tune the settings for the pump speed control in 
both solar and charging loops. The Simulink control toolbox was applied to find the suitable Kp and I controller 
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values for best combination of set point tracking and disturbance rejection. The solar radiation and the load side 
temperature were considered as the main disturbance sources. The following figure shows one of the tuning results 
obtained out of the radiation step response of the model. 
 
Fig. 6 The Simulink tuning windows 
 
Afterwards, the PLC code was developed using the previously tuned settings and following the international 
language standard IEC 61131-3. The software development and compilation environment applied is TwinCAT as 
shown in the following figure. As it can be seen in the solution explorer, three controllers were coded for the 
primary, charging and discharging loops. 
 
 
Fig. 7 The Beckhoff TwinCAT environment 
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3. The results 
The low-level control algorithm for both solar and charging loops was implemented within 2 days in the PLC. 
The developed algorithm was sucessfully integrated into the high-level control of the SOLERA plant. The plant was 
commissioned End of September 2015 and the first useful monitoring data to be expected in 2016 
Acknowledgements 
The research leading to these results has received funding from the European Union's Seventh Framework 
Programme FP7/2007-2013 under grant agreement n° ENER/FP7/296009/InSun.  
 
References 
[1] M. Hau. PC- und EtherCAT-basierte Steuerung eines Hardware-in-the-Loop-Teststandes für Windparkregler. Gut vorbereitet zur See! Gruppe 
Parkregelung und Echtzeitsimulatoren, Fraunhofer (IWES). PC-Control | Wind-Special 2012. 
[2] M.Y. Hallera et al. Dynamic whole system testing of combined renewable heatingsystems – The current state of the art,כ, Energy and 
Buildings 66 (2013) 667–677 
 
